Introduction
============

Overall incidence of traumatic intracranial aneurysm (TICA) is 1% and is usually associated with penetrating head injury or contagious skull fracture ^[@ref-1]^. The first reported pediatric TICA was in 1829; a right middle meningeal artery aneurysm in an autopsy report of 12 year-old boy with blunt head injury on the right temporal region ^[@ref-2]^. Prevalence of TICA is more among males, with a ratio of 2:1 or 3:1 relative to females, most likely reflecting the greater frequency of trauma among males. The majority of cases are associated with trauma, with approximately 30% of reported cases occurring in children and adolescents before the age of 20. Petrous or cavernous part of internal carotid artery aneurysm (ICA) is associated with skull base fracture. Supraclinoid aneurysm may develop due to blunt arterial contusion by the anterior clinoid process or sudden stretching of the artery during impact to the head. Posterior circulation TICA can develop either due to direct osseous injury or stretching or compression of an artery against the tentorium. However, non-traumatic aneurysms are rare in the pediatric population; the relative frequency of trauma-induced aneurysms in children is high. Most common locations are distal vasculatures like anterior cerebral artery (ACA) (38%), petrous, cavernous, supraclinoid ICA (29%), distal branch of middle cerebral artery (MCA) (25%), and vertebrobasilar system (8%) ^[@ref-3]^. Here we report the case of a 4 year-old girl who presented with delayed intracranial hemorrhage from a ruptured traumatic aneurysm involving the proximal anterior cerebral artery, managed by trapping of the aneurysm.

Case presentation
=================

A 4 year-old girl from Sarlahi district in Nepal was brought to our emergency room with a history of sudden onset of severe headache and generalized tonic clonic seizures. She had a history of a minor fall injury while playing at preschool. At that time there was no loss of consciousness, nausea or vomiting and she remained well for the following two days. Two days later at around 3 a.m., the child screamed out in her sleep and complained of severe headache followed by an episode of generalized tonic clonic seizure. The child was then rushed to the hospital. At presentation, her Glasgow Coma Score was 14/15 (E4/M6/V5). No anisocoria was present. She was hemiparetic on the right side with a power grade of 3/5. Computed tomography (CT) scan of the head showed focal intra cerebral hemorrhage in the medial basifrontal region and subarachnoid hemorrhage (SAH) in the inter-hemispheric and in the left sylvian fissure ( [Figure 1](#f1){ref-type="fig"}). No significant past medical or surgical illnesses were elicited. She was managed conservatively in the neurosurgical intensive care unit. In repeated serial CT scans, the hematoma was found to be resolving and the child's motor power in the right side had improved to 4+/5. The child was discharged with advice of regular follow up. The child was again brought to the emergency room one month following the initial hemorrhage with a history of headache and repeated episodes of vomiting. GCS was 15/15 with both pupils equal and reacting to light. CT scan showed re-bleed in the left medial basifrontal region with ventricular extension (Graeb score of 8/12) ( [Figure 2](#f2){ref-type="fig"}). The child developed acute hydrocephalus with sudden drop in conscious level which was managed with emergent placement of external ventricular drain (EVD) from the right Kocher's point. Conventional cerebral angiography showed delayed filling of a 9.6 mm × 6.8 mm aneurysm arising from the proximal part of the left anterior cerebral artery without a discrete neck ( [Figure 3](#f3){ref-type="fig"}). Left ACA complex was not visualized except the aneurysmal sac. Both the distal anterior cerebral complex i.e. A2 segments were filled via the right anterior cerebral artery ( [Figure 4](#f4){ref-type="fig"}). Left pterional craniotomy and trapping of the aneurysm was performed without any intraoperative complications. H complex was redefined and A1 was found to be blind which itself was a culprit for repeated rupture. Post-operatively the child remained irritable whenever the EVD drainage was clamped off and repeated CT scans revealed persistent hydrocephalus. She was therefore managed with a right ventriculo-peritoneal shunt. On the day of discharge, 23 days after admission, she was playful with grade 4+ power of right sided limbs which became normal in the 2 week follow up period. The child made excellent recovery during 1 month of clinical follow up with no focal neurological deficit and remained asymptomatic. Angiographic follow up after 3 months showed complete obliteration of the aneurysm ( [Figure 5](#f5){ref-type="fig"}; [Figure 6](#f6){ref-type="fig"}).

![Initial CT scan showing the region of the bleed.](f1000research-4-7566-g0000){#f1}

![CT head showing evidence of re-bleed in the previous territory along with ventricular extension.](f1000research-4-7566-g0001){#f2}

![Diagnostic angiography showing the presence of blind left A1 aneurysm.](f1000research-4-7566-g0002){#f3}

![Angiography revealing both A2's supplied by the right A1.](f1000research-4-7566-g0003){#f4}

![Post-operative angiography showing complete obliteration of the blind aneurysm.](f1000research-4-7566-g0004){#f5}

![Angiography showing both A2's supplied from the right A1.](f1000research-4-7566-g0005){#f6}

Discussion
==========

TICA in pediatric populations is rare and accounts for 0.5--4.6% of all aneurysms ^[@ref-4]^. These aneurysms are more vulnerable to bleed than true aneurysms due to the lack of a true wall and also the neck, so that they usually present with intracranial hemorrhage (ICH). ICH has been reported in \> 60% of TICA cases ^[@ref-5]^. Associated mortality among TICA patient in the pediatric age group has been reported as high as 50% ^[@ref-6]^. TICA is usually located in the periphery and appears to be irregular in shape without visualization of a defined neck. The most common location of TICA is the distal anterior cerebral artery and middle cerebral artery. Petrous or cavernous segment of ICA is also frequently involved. Anterior circulation is more involved than posterior circulation which accounts for less than 10% of all TICA ^[@ref-7]^. Due to the lack of an endothelial layer in the aneurysm, they more likely result from penetrating injuries rather than closed head injuries. Non penetrating injuries are usually secondary to acute shearing forces as in rapid deceleration injury or due to skull fracture with underlying dural or cortical contusions. They usually develop as a consequence of sudden stretching or compression against the rigid dural structure such as the falx or the tentorium. Minor head injury without significant brain parenchymal injury or bony fractures may also cause vascular injuries which later develop into a pseudo-aneurysm.

In PubMed ( [www.pubmed.gov](http://www.pubmed.gov)), a search of "pediatric traumatic intracranial aneurysm" returned 27 cases, and among them 10 were of patients aged 0--4 ^[@ref-7]--\ [@ref-11]^. 7 were of the age 5--10 ^[@ref-1],\ [@ref-3],\ [@ref-5]^ and 8 were 11--18 years old ^[@ref-1],\ [@ref-10],\ [@ref-12]^. 12 were males and 7 were females whereas the remaining cases were mentioned as only infant or child ^[@ref-8],\ [@ref-9],\ [@ref-11]^. 21 children presented with history of traumatic brain injury; 2 had sustained gunshot injury ^[@ref-13],\ [@ref-14]^, 2 cases presented with TICA following VP shunting and craniopharyngioma surgery ^[@ref-15],\ [@ref-16]^. An additional 2 cases developed aneurysm due to shaken baby syndrome ^[@ref-10],\ [@ref-17]^. The most frequently involved vessel was the distal anterior cerebral artery (11 cases) ^[@ref-7]^, followed by the petrous segment internal carotid artery (5 cases) ^[@ref-9]^, distal middle cerebral artery (2 cases) ^[@ref-3]^, posterior cerebral artery (2 cases) ^[@ref-5]^, posterior inferior cerebellar artery (1 case) ^[@ref-18]^, basilar artery (2 cases), vertebral artery (2 cases) ^[@ref-1],\ [@ref-19]^, common carotid artery (1 case) ^[@ref-19]^ and superficial temporal artery (1 case) ^[@ref-20]^. Involvement of posterior circulation was relatively uncommon as compared with anterior circulation vessels. Traumatic aneurysm of proximal ACA in pediatric populations has not been documented in English literature so far. This is the first reported case of TICA of proximal ACA in a child under 5 years of age. Congenital aneurysms are true aneurysms that occur in the branching site of the circle of Willis. They are very rare in the pediatric population as compared to traumatic dissection. Based on the clinical-radiological aspect, the author's reported case should be the traumatic dissection of ACA leading to pseudo-aneurysm rather than that of congenital origin.

Management has mostly been confined to surgical clipping, and few reports involve the endovascular treatment of aneurysm. Among 18 treated cases; 8 cases underwent clipping ^[@ref-3],\ [@ref-7],\ [@ref-20],\ [@ref-21]^, trapping was done in 4 cases ^[@ref-10],\ [@ref-21]^ and coil embolization was performed in 6 cases ^[@ref-16],\ [@ref-21]^. Parent vessel occlusion was done in 3 cases ^[@ref-21]^. Spontaneous thrombosis had occurred in 2 cases ^[@ref-1],\ [@ref-5]^ and 2 children died regardless of treatment ^[@ref-22]^. Although spontaneous complete occlusion of TICA is thought to be extremely rare, 15% of spontaneous thrombosis of TICA has been reported in the literature ^[@ref-23]^. Pseudo-aneurysms generally do not have discrete necks and are often friable so that surgical clipping may not be an option. Trapping, in which clips are placed on the parent vessel both proximal and distal to the aneurysm, followed by aneurysmal excision, is a preferred method of treatment. Clinical outcome in a pediatric patient with TICA depends on severity of the injury, with a potentially high mortality from rupture or re-bleeding of the aneurysm ^[@ref-22]^.

Conclusion
==========

TICA occurrence in the pediatric population is very low. Delayed presentation of intracranial hemorrhage with acute deterioration after minor head trauma in the pediatric age group warrants cerebral angiography for proper diagnosis and management. Trapping of traumatic aneurysm arising from the main arterial trunk is a more tenable procedure. Arterial reconstruction or bypass may prove to be acquiescent in some complex circumstances.

Consent
=======

Both written and verbal informed consent for publication of images and clinical data related to this case was sought and obtained from the mother of the patient.
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Authors report an extremely uncommon entity of postraumatic aneurysm in a child, who developed hydrocephalus and showed rapid neurological worsening, managed with the placement of an external ventricular drain, followed by successful surgical management of surgery of aneurysm. The index case, a four-year-old girl, presented with a history of sudden onset severe headache in association with generalized tonic clonic seizures with antecedent history of a minor fall. On examination, the Glasgow coma score was 14, right sided  hemiparesis, a CT scan of the head revealed presence of subarachnoid hemorrhage in the inter-hemispheric fissure and left sylvian fissure and associated intracerebral hemorrhage in the basifrontal region, however, a vascular aetiology was not suspected and managed conservatively. Ideally digital substraction angiography ( DSA) should have been carried out and managed accordingly to the findings. She again presented after one month with re-bleed, required external ventricular drain placement for hydrocephalus. DSA revealed an aneurysm in the region of left anterior cerebral artery, although both distal anterior cerebral arteries were filling with right internal carotid artery injection, and underwent craniotomy and trapping of the aneurysm.  

Hydrocephalus development is a common and devastating complication of aneurysmal subarachnoid hemorrhage with incidence of 20% to 30% cases. Onset of hydrocephalus can be acute as early as within 48 hours or delayed by up to weeks following ictus. Early recognition of symptoms and signs and computed tomography findings are important for planning of management. As cases showing rapid deterioration need  external ventricular drain, to tide the crisis, which may be converted to ventriculo-peritoneal shunt as it aids in management of raised intracranial pressure, helps in clearance of intraventricular blood. ^[@rep-ref-16091-1]^ ^,^ ^[@rep-ref-16091-2]^

Intracranial traumatic aneurysm is a relatively rare clinical entity caused by blunt, penetrating, or iatrogenic head trauma ^[@rep-ref-16091-3]^ ^,^ ^[@rep-ref-16091-4]^. It can be classified histologically as false or true aneurysm. In false aneurysms or  pseudoaneurysm disruption involves all layers of the arterial wall associated with the presence of hematoma in the surrounding soft tissue that prevents extravasations of blood and is considered the most common form of traumatic intracranial aneurysms ^[@rep-ref-16091-5]^. In true aneurysms, the intimal layer, internal elastic lamina and media layers are disrupted but with an intact tunica adventitia. The intracranial space into which the hemorrhage occurs depends on the vessel and the segment of the vessel involved. Once an extracranial artery becomes intradural, the external elastic lamina disappears transforming the arterial wall into a relative weak vessel. ^[@rep-ref-16091-4]^ ^,^ ^[@rep-ref-16091-5]^ 

The reported risk of hemorrhage in posttraumatic pseudoaneurysm is 19%, with a peak incidence of rupture at 2--3 weeks after the injury, resulting in 32--54% mortality. ^[@rep-ref-16091-5]^

Treatment options include surgical repair and endovascular interventions. The treatment approach is often needed to be a tailor made approach for individual cases, and depends on factors such as atypical locations, irregular shape, relation with parent vessel and branches, age of patient, and shapes are a factor ^[@rep-ref-16091-1]^ ^,^ ^[@rep-ref-16091-3]^ ^,^ ^[@rep-ref-16091-6]^. Miley *et al.*analysed DSA of 74 patients with the diagnosis of closed head injury, vascular injury detected in 24 cases and out of which four cases had total of 4 traumatic intracranial pseudoaneurysm, were located in the supraclinoid segment of the internal carotid artery in two case, one in the cavernous segment   and rest one in the paraophthalmic segment ^[@rep-ref-16091-6]^.

I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard.

10.5256/f1000research.7566.r15779

Referee response for version 1

Madhugiri

Venkatesh S.

1

Referee

Division of Neurosurgery, Tata Memorial Centre, Mumbai, India

**Competing interests:**No competing interests were disclosed.

30

8

2016

Version 1

This is an interesting case report of a complex aneurysm. However, a few comments on some aspects of the paper are presented here Trivial trauma of the kind described does not usually lead to aneurysmal rupture. Could the rupture of the aneurysm have caused the fall? Moreover, when the CT after the first ictus (the trivial fall) disclosed thick subarachnoid hemorrhage in the Sylvian and suprasellar cistern rather over the convexity of the hemispheres (as would usually be expected with trauma), did the authors not consider doing a DSA or CTA in the first instance?It is very unusual for a major vessel to blindly end in an aneurysm. There is generally a distal take-off of the distal vessel even from giant aneurysms. This is borne out by the fact that the L A2 was being filled across the ACoA on the R ICA injection. Have the authors considered the possibility that this was an A1 aneurysm? The proximal A1 could have been partly thrombosed due to extension of thrombus from the aneurysm into the parent vessel. This could explain the poor visualization of the L A1 whereas the L A2 distal to the aneurysm was being filled by the ACoA.The authors should describe the intra-operative findings in slightly greater detail. The L A1 was blind, per the authors. Was there no connection between the L A1 and A2? It is more likely that the aneurysm obscured this vessel. Was the aneurysm thrombosed? Did it appear to be a true aneurysm or pseudo-aneurysm? Was the sac opened after clipping and dissected away from surrounding structures to clarify the anatomy?The preop DSAs shows vasospasm of the L M1. The authors should comment on what treatment, if any, was considered or given for this. The spasm appears to have resolved on the postop DSA. When was this obtained?Pediatric traumatic intracranial aneurysms are indeed rare. In the Discussion the authors state \"a search of "pediatric traumatic intracranial aneurysm" returned 27 cases.\" However, PubMed search strategies need to built more carefully if valid results are to be obtained. A cursory search using the strings  \"((aneurysm) AND intracranial) AND trauma\" and subsequently applying a filter for only children (birth-18 years) returned 584 results. Even if only 10% of these results were relevant to the search, this would still result in 58 papers dealing with this issue. The full search employed was - 

((\"aneurysm\"\[MeSH Terms\] OR \"aneurysm\"\[All Fields\]) AND intracranial\[All Fields\]) AND (\"injuries\"\[Subheading\] OR \"injuries\"\[All Fields\] OR \"trauma\"\[All Fields\] OR \"wounds and injuries\"\[MeSH Terms\] OR (\"wounds\"\[All Fields\] AND \"injuries\"\[All Fields\]) OR \"wounds and injuries\"\[All Fields\]) AND (\"infant\"\[MeSH Terms\] OR \"child\"\[MeSH Terms\] OR \"adolescent\"\[MeSH Terms\])

I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however I have significant reservations, as outlined above.
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This is a case report of a 4-year-old child with a delayed intracerebral hematoma resulting from the traumatic pseudoaneurysm of the left A1 segment.

As authors emphasized, this is a very rare case occurring in childhood and the management of the patient, including the surgical treatment, was excellent. In the discussion, the epidemiology, diagnosis, and treatment option of the traumatic intracranial aneurysms were briefly but well documented.

Finally, this article can be considered as acceptable, although the following points should be addressed: They should discuss the possibility that the pseudoaneurysm had already developed when the child first complained of a headache 2 days after head injury.They should describe the details about the surgical method focusing how they trapped the aneurysm with one clip. Did they clip only the neck or A1 segment itself?I cannot understand what "H complex was redefined" means in the operation.
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